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Administrative responsibility for the Neely Nuclear Research 
Center (NNRC) resides in the Office of the Vice President for 
Interdisciplinary Programs of the Georgia Institute of Technology. 
The NNRC houses two major facilities: the Georgia Tech Research 
Reactor (GTRR) and the Hot Cell Laboratory. The NNRC is a facility 
of the University System of the State of Georgia and is available 
to all universities. 
This annual progress report of the operation of the GTRR and 
NNRC is submitted to DOE in accordance with the requirement of 
Contract No. DE-FG05-80ER10771. 
-i-
HIGHLIGHTS 
The following universities (other than Georgia Tech) have used the 
facilities at the Neely Nuclear Research Center: 
1. Arizona State University 
2. Medical College of Georgia 
3. Mississippi State 
4. University of Georgia 
5. University of Oklahoma 
6. Oklahoma State University 
7. University of Miami 









The inventory of Co-60 sources at the Hot Cell Laboratory is 
400,000 Ci. Dose rates of up to 1.0 E7 rads per hour are possible. 
Nineteen commercial companies have used the facilities at NNRC. 
The sum of $501,578 in sponsored research and services was obtained 
during the year to support the Center's activities. 
Seven graduate students were financially supported by the Center 
last year. 
Twenty four undergraduate and six graduate students have used the 
NNRC facilities in laboratory courses. 
Over one thousand two hundred visitors from high schools, 
educational institutions, industry and foreign countries have had 
conducted tours at the Center. 
Over 120 students from Georgia Tech were trained in radiological 
safety. 
Twenty-seven new or revised procedures were written, approved, and 
instituted at the Neely Nuclear Research Center to bring the use of 
radioactive substance on the campus under better national safety 
standards. 
There were no violations cited by inspectors from the Nuclear 
Regulatory Commission or the State of Georgia. 
There were four radioactive waste shipments to Barnwell, S.C. from 
the Georgia Tech campus. 
Efforts are continuing with EG&G Idaho to use the GTRR for Boron 
Neutron Capture Therapy. 
-ii-
I. INTRODUCTION 
The Neely Nuclear Research Center, Georgia Institute of 
Technology, has been a participant in the University Reactor 
Sharing Program since 1970. During this period, NNRC has made 
available its 5 MW research reactor, its Co-60 irradiation 
facility, and its activation analysis laboratory to large numbers 
of students and faculty from many universities and colleges. 
This report of NNRC utilization is prepared in compliance with 
the requirement of Contract No. DE-FG05-80ER10771 between the U.S. 
Department of Energy and the Georgia Institute of Technology. The 
report contains information with regard to facilities descriptions 
(brief), personnel, organization, and programs. 
The Neely Nuclear Research Center of the Georgia Institute of 
Technology houses two major facilities: the Georgia Tech Research 
Reactor and the Hot Cell Laboratory. 
The GTRR is a heterogeneous, heavy-water moderated and cooled 
reactor, fueled with plates of aluminum-uranium alloy. It is 
designed to produce a thermal flux of more than 1.0 E14 n/cm2 /sec 
at a power of 5 MW and an exit moderator temperature of 139°F. 
-The reactor core is approximately two feet in diameter, two 
feet high and, when fully loaded, contains provisions for up to 
nineteen fuel assemblies spaced six inches apart in a triangular 
array. Each assembly contains sixteen fuel plates. The total 
uranium-235 content of a full loading is 3. 6 kg. The fuel is 
centrally located in a six foot diameter aluminum reactor vessel 
which provides a two foot thick D
2
0 reflector completely 







II. NNRC Activities 
Reactor Location and Other Specifics 
University: Georgia Institute of Technology 
Atlanta, GA 30332-0425 
Program Director: R.A. Karam (404-894-3620} 
Grant #: DE-FG07-80ER10771 
Reactor Type/Power Level: Tank Type/5 MW Heavy Water 






The following personnel were employed at NNRC full time 
for the entire reporting period: 
1. R.A. Karam, Director 
2. Rodney D. Ice, Manager, Office of Radiation Safety 
3. Billy Statham, Reactor Supervisor and Electronic 
Engineer 
4. Clara Galleshaw, Administrative Assistant 
5. Jerry Taylor, Senior Engineering Safety Assistant 
6. Edgar Jawdeh, Health Physicist 
7. Bill Downs, Senior Reactor Operator 
8. Dixon Parker, Reactor Operator 
9. Arlene Smith, Administrative Secretary. 
The following personnel were employed part t~e: 
1. Betty Revsin 
2. James O'Hara 
3. David Cox 
4. Nazih Chbeir 
The following Graduate Students were given GRA's during 
the reporting period: 
1. Thomas Evans 
2. Nazih Chbeir 
3. Kate Klee 
4. Hannah Mitchell 
5. John Hawkinson 
6. Fred Kelly 
7. Hong Ning 
Educational Output 




Nuclear Reactor Laboratory - Fall 1990 
Radiation Transport and Shielding -Winter 1992 
Special Problems (Nazih Chbeir and Edgar 








Edgar Jawdeh - MS Health Physics 
Nazih Chbeir - MS Health Physics 
Fred Kelly - MS Nuclear Engineering 
John Hawkinson - MS Nuclear Engineering 
Short courses taught 
Radiation protection short course given every quarter and 
attended by more than 30 students each quarter. 




Radiation Detection - Fall 1991 
Radiation Detection - Winter 1992 
Radiation Detection - Spring 1992 
High School student tours 
NNRC conducted tours to high school students interested 
in nuclear science. More than 1200 students have toured 
the NNRC facilities. 
Use of NNRC facilities by other universities 
The following table shows how principal investigators 
from various universities, used NNRC facilities, 
primarily the GTRR, through the Reactor Sharing Program 
funded by DOE. 
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TABLE I 
Reactor Sharing Services 
Sept. 1, 1991 - August 31, 1992 
I Students 
Institution P.I. Involved 
Arizona State (1) Dr. Paul 6 
Fitzgerald 
(2) E. Stump 
Tuskegee Inst. Dr. P. Loretan 8 
Medical College 
of Georgia Dr. R. Whitney 3 
University of 







High School Tours 
TOTAL 
Dr. Charles 7 
Sparrow 
Dr. Barry Weaver 8 





Fission Track Dating, Uplift 22,410.00 
and formation of mountain chains 
Bone Marrow Transplant in Mice 250.00 
Bone Marrow Transplant in Mice 1,050.00 
Activation of Carbonate Rocks 
for determination of co2 1,240.00 
variation in atmosphere 
Reactor Laboratory of Mississippi 
State students 
Rare Earth Elements determin-
ations as a tool for rock origin 
verification; 
Activation analysis of plant 
roots to determine scandium and 









NNRC's staff efforts under u.s. NRC's License No. R-97 
and under the State of Georgia License No. 147-1 and 
License No. 21-2. 
Procedure writing and Revision 
Significant effort was made to upgrade and write new 
procedures to bring the use of radioactive substances on 
the campus of Georgia Tech under national safety 


















Reactor Operations-Precritical Startup 
Checklist and Shift Supervisor Approval 
Reactor Shutdown Checklist 
Operation and Calibration of Area Radiation 
Monitors 
Sealed Sources Leak Test 
Storage Pool Water Sampling and Analysis 
Routine Facility Radiation Surveys 
Charcoal Cartridge Analysis 
Environmental Monitoring 
Floor Fuel Storage Water 
Facilities Contamination Surveys 
Respiratory Protection 
Accidental Release of High Levels of Gaseous 
Activity to the Atmosphere 
Personnel Monitoring After Building Evacuation 
Emergency Situations 
Facilities contamination Surveys 
Calibration Procedure for Eberline Model E-120 

















Calibration Procedure for Eberline Model RM-14 
Rate Meter 
Calibration Procedure for Bicron Model RS0-5 
Survey Meter 
Calibration Procedure for Ludlum Model 2 GM 
Survey Meter 
Calibration Procedure for Bicron Model RS0-500 
Survey Meter 
Calibration Procedure for Eberline Model R0-2 
Survey Meter 
Calibration of Reactor Coolant Temperature 
Measuring System 
Reactor Operations-Precritical Startup 
Checklist and Shift Supervisor Approval 
Control Rod Drop-Time 
Scram Insertion Delay Time Measurement 
Control & Accountability of Radioactive 
Sources 
Reactor Tank Level Transmitter Maintenance and 
Calibration Check 
Tagging Equipment Out of Service 
Procedure Deletion 









Sampling Log H20 
Sampling Log Blanket Gas 






u.s. NRC and State Inspections 
During the reporting period there were four U.S. NRC 
inspections and one State of Georgia inspection which 
involved four inspectors. In all of these inspections, 
there were no violations or deviations. 
Requalifications Program for Reactor Operators 
The U.S. NRC requested that NNRC develop a formal 
requalification program for reactor operators. Such a 
program was written and submitted to NRC January 2, 1991. 
It was approved September, 1991. 
Research Output 
MS Granted 
Four MS degrees in Health Physics were granted: Edgar 






"Status Report of the Conversion of the GTRR to Low 
Enrichment Fuel", R. A. Karam, J. E. Matos, s. T. Mo, and 
w. L. Woodruff, International Meeting on Reduced 
Enrichment for Research and Test Reactors, Jakarta, 
Indonesia, Nov. 3-7, 1991. 
Progress Reports 
Four progress reports were written to DOE on the 
Conversion of the GTRR fuel from high to low enrichment. 
These reports are generated under DOE contract A-60-617. 
Budget Information 
Institutional Funds 
II. 6 .1.1. Regular institutional allocations to NNRC during 
reporting period were $380,372. This money was spent to 
partially cover personnel services. 
II.6.1.2 Special allocations for radioactive waste disposal were 
$17,316.54. 
II.6.2 External Funds ($501,578.00) 
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II.6.2.1 DOE Funds 
The following funds were obtained from DOE: 
1. Low Enrichment Study $51,502 
2. Reactor Sharing 30,000 
3. Upgrading GTRR 24,106 
Total $105,608 
II.6.2.2 ERDA Funding 
The funding for ERDA Administration was $94,000.00. 
II.6.2.3 EG&G Funds 
Funding from EG&G totaled $23,925.00. 





Nineteen companies from the metropolitan area of Atlanta 
and the rest of the U.S. used the NNRC facilities. 
Revenues from these companies totaled $278,045.00. 
Problems/Areas of Need/Priorities 
Instrument 
Instruments upgrade are needed in few areas. 






Primary and secondary coolant 
instruments; 




In the radiation protection area, a low background p/y 
automatic counter was purchased and installed. 
Other needed improvements include a new filter for BNCT 
applications. 
Personnel 
A minimum of two additional reactor operators are needed 
to give us adequate depth to cover anticipated increase 
in reactor activities and/or possible decrease due to 
attrition. 




Boron Neutron Capture Therapy 
There is a general need in the u.s. for a quality beam of 
neutrons for BNCT experimentation. The Georgia Tech 
Research Reactor (GTRR) is perceived by numerous groups 
in BNCT research as the best facility for BNCt 
applications. The GTRR needs a filter installed in the 
biomedical facility to produce an optimized epi-thermal 
neutron beam. There are two different designs for this 
filter: one design produced by Dr. David Nigg of EG&G at 
INEL and another design produced by R. A. Karam and Kate 
Klee of the Georgia Institute of Technology. The 
estimated cost of installing the Karam/Klee filter is 
$2000,000. The estimate of installing the Nigg filter is 
$500,000-1,000,000. It is essential that one filter is 
installed in 1994 so that the technology for BNCT 
application is developed on a timely basis. 
Other Uses 
The NNRC facilities will continue to be used for 
research, for service to industry, and for education. 
9 




For the 1993-1994 University Reactor Sharing Program, 
Georgia Tech is requesting funding in the amount of $40,000. 
We believe that irradiation services at published rates 
including the use of the reactor and related facilities and any 














V. Partial Publications Generated through the 
use of the Georgia Tech Research Reactor 
Graham, Waverly (1966), "The Determination of Effective 
Delayed Neutron and Photoneutron Kinetics Parameters in 
as Highly Enriched Heavy-Water Reactor, " School of 
Nuclear Engineering, Georgia Tech. 
Macdonald, Robert (1966), "A Method for the Analysis of 
Modulated Neutron Experiments," School of Nuclear 
engineering, Georgia Tech. 
Johnson, Robert (1967), "Investigation of the Space-
Dependent Zero-Power Reactor Source Transfer Function," 
School of Nuclear Engineering, Georgia Tech. 
McGhee, (1969), "Measurement of Neutron Diffusion 
Parameters of Heavy Water and Spheres by the Pulsed 
Neutron Source Method," School of Nuclear Engineering, 
Georgia Tech. 
Champlin, Jerry B. ( 1970), "The Transport of 
Radioisotopes by Fine particulate Matter in Aquifers," 
School of Nuclear Engineering, Georgia Tech. 
Walker, David, M. (1970), "An Investigation of Multiple 
Gamma Scattering in Germanium as Applied to GE(LI) Gamma 
Spectrometers," School of Nuclear Engineering, Georgia 
Tech. 
Wilkie, William H. (1970), "Theoretical Image-Forming 
Quality of Fast-Neutron Radiography," School of Nuclear 
Engineering,. Georgia Tech. 
Bridges, Donald N. (1971), "An Investigation of the 
Spatially-Dependent Reactor Source Transfer Function with 
Temperature Feedback," School of Nuclear Engineering, 
Georgia Tech. 
Ebert, David (1972), "Space and Energy-Dependent Noise 
Analysis Using Modal Expansions," School of Nuclear 
Engineering, Georgia Tech. 
Lord, Robert J. (1972), "Simulated Boiling Effects in a 
Subcritical Assembly," School of Nuclear Engineering, 
Georgia Tech. 
Lake, James (1973), "Measurement of Steady-State Space-
Dependent Thermal Neutron Spectra in Beryllium," School 
of Nuclear Engineering, Georgia Tech. 
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12. Shamasundar, B. I. ( 19 7 3) , "Investigation of Neutron 
Thermalization in Polycrystalline Moderators, " School of 
Nuclear Engineering, Georgia Tech. 
13. Sohrabi, M. ( 1975), "Electrochemical Etching 
Amplification of Low-Lit Recoil Particle Tracks in 
Polymers for Fast Neutron Dosimetry," School of Nuclear 
Engineering, Georgia Tech. 
14. Jameson, ( 1976), "Analysis of Fissionable Material by 
Delayed Emissions," School of Nuclear Engineering, 
Georgia Tech. 
15. Renier, Jean-Paul ( 1976), "Multi-Group, Multi-Dimensional 
Investigations of the Power Spectral Densities of the 
GTRR and the Fast-Thermal Argonaut Reactor," School of 
Nuclear Engineering, Georgia Tech. 
16. Alzaidi, Samir ( 1977), "New Neutron Detector Using 
Magnetically Focused Electrons for Fast Reactor Neutron 
Flux Measurements," School of Nuclear Engineering, 
Georgia Tech. 
17. Reed, Rodican P. ( 1977), "Neutron Activation analysis of 
Cataractous Lenses of Mice and Mongolian Gerbils Exposed 
to Acute Doses of X-rays, Thermal and Fast Neutrons, " 
School of Nuclear Engineering, Georgia Tech. 
18. Mahaffey, James (1979), "A Measurable Relationship 
Between Flux Tilt and Excess Reactivity in a Tightly 
Coupled Reactor," School of Nuclear Engineering, Georgia 
Tech. 
19. Wahlig, Barry G. (1981), "Transport of Suspended Matter 
Through Rock formations," School of Nuclear Engineering, 
Georgia Tech. 
20. Sanders, Michael E. (1983), Design and Application of a 
Damage-Trac-K Neutron Dosimeter Useable in the 1 EV to 17 
MEV Neutron Energy Region," School of Nuclear 
Engineering, Georgia Tech. 
21. Noonan, Denise J. ( 1984), "An Epithermal Neutron Beam 
Approach to Boron Neutron Capture Therapy, " School of 
Nuclear Engineering, Georgia Tech. 
22. Dawes, M.A., R.S. Saini, M.a. Mullen, J.H. Brower, and 
P.A. Loretan (1986), "Sensitivity of Sweet Potato Weevil 
(Coleoptera: Curculionidae) to Gamma Radiation. " 
Accepted for publication in Journal to Economic 
Entomology. 
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23. Lu, J. Y., C. Stevens and P .A. Loretan ( 1986), "The Effect 
of Gamma, Electron Beam and Ultraviolet Radiation on the 
Control of Storage rot and the Quality of Walla Walla 
Onions." Submitted to the Journal of Food Science for 
Publication. 
24. Lu, J.Y., S. White, P. Yakubu and P.A. Loretan (1986), 
"Effects of Gamma Radiation on Nutritive and Sensory 
Qualities of Sweet Potato Storage Roots." Submitted to 
Journal of Food Quality for publication. 
25. Bonsi, C.P., P.A. Loretan and P. David (1986), "Influence 
of Gamma Radiation on Storage Rot of Sweet Potatoes. 11 
Submitted to Plant Disease for publication. 
26. Bonsi, C.P., P.A. Loretan and P. David (1986), "Effect of 
Gamma Radiation in Prolonging the Shelf-Life of Sweet 
Potatoes. 11 Submitted to Phytopathology for publication. 
27. Williams, C.S., R.A. Chung, A. Brown, B. Harvey, P.A. 
Loretan, C. Bonsi and M. Tolbert ( 1986), "Radiation 
Induced Ultrastructural Changes in Sweet Potato." 
Abstract submitted to the Institute for Food 
Technologists for presentation as a poster at the annual 
IFT Meeting, June 16-19, 1987, Las Vegas, Nevada. 
28. "Reaction of Benzenediazonium-2-carboxylate with Reactor-
Produced No-Carrier-Added 18F-Fluoride: A Novel 
Synthesis of 2- [ 18F] -Fluorobenzoic Acid." A.D. 
Strouphauer, C.L. Liotta, and R.W. Fink, Int. J. Appl. 
Radiat. and Isotopes (accepted and in press for early 
1984); accepted for presentation at the Symposium on 
Chemical Considerations in the Labeling of 
Radiopharmaceuticals with Short-Lived Radionuclides at 
the American Chemical Society meeting, April, 1984, St. 
Louis, Missouri. 
29. "Preparation of H18F ,K18F ,K18FF
3 
from Reactor-Produced 18F-
Fluoride for the Sunthesis of Radioactive 18F-Labeled 
Aromatic Compounds, 11 A.D. Strouphauer, M.S. thesis, 
School of Chemistry, Georgia Tech (June, 1983). 
30. "Preparation of Reactor-Produced Carrier-Free 18F-
Fluoride as the Potassium 18-Crown-6 Complex for 
Synthesis of Labeled Organic Compounds I n B. E. Gnade I G. p. 
Schwaiger, C.L. Liotta, and R.W. Fink, Int. J. Appl. 
Radiat. and Isotopes, 32, 91 (1981). 
31. "The Preparation of Reactor-Produced, Carrier-Free 18F-
Fluoride for the Synthesis of Labeled Organic Compounds," 
Part II, Bruce Edward Gnade, Ph.D. thesis, School of 
Chemistry, Georgia Tech (September, 1982). 
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32. "Preparation of Reactor-Produced No-Carrier Added 18F-
Fluoride and Its Use in the Sunthesis of Labeled Organic 
Compounds of Interest in Radiopharmaceuticals (tentative 
title), R.W. Fink, to be presented as a review paper at 
the Int. Conf. on Nuclear and Radiochemistry, Lindau, 
West Germany, October, 1984 (tentative, pending travel 
grant from Georgia Tech Foundation. 
33. "A Remote Device for De-Encapsulating Reactor-Irradiated 
Samples, " G. P. Schwaiger and R. W. Fink, Nuc 1. Instr. 
Meth. 186, 663 (1981). 
34. "Thermal Neutron Cross Sections and Resonance Integrals 
for Activation Analysis, "R.W. Fink, in Handbook of 
Spectroscopy, Vol. 3, edited by J. W. Robinson ( CRC Press, 
Boca Raton, Florida, 1981); pp. 95-123. 
35. "Production of 14 Plus or Minus 2 MeV Neutrons in a 
Reactor with an Enriched LiD Irradiation Capsule," C. 
Papanicolopoulos and R.W. Fink, Nucl. Instr. Meth., 151, 
53 (1978}. 
36. "The K-Shell Conversion Coefficient of the 135.5 keV M4 
Transition in 193mPt decay, " A. I . Saleh, R. A. Braga, and 
R.W. Fink, Z. Physik A279, 27 (1976). 
37. "A Precision Determination of the K-Shell Internal 
Conversion Coefficient of the 135.5 keV M4 Transition in 
193mPt" Ali I. Saleh, M.S. Thesis, School of Chemistry, 
Georgia Tech (August 1976). 
38. "Trace Elements in Normal and Malignant Human Breast 
Tissue," A.E. Schwartz, G.W. Leddicotte, R.W. Fink, and 
E.W. Friedman, Surgery lf, 325 (1974). 
39. "The K-Conversion Coefficient Near Threshold of the 30 
keV Isomeric Transition in 108mAg Decay," W.D. Schmidt-Ott 
and R.W. Fink, z. Physik 254, 281 (1972). 
40. "The L2 and L3 Subshell X-Ray Fluorescence Yields for Z = 76 and 78 from the Decay of 192Ir," s. Mohan, W.D. 
Schmidt-Ott, J.C. McGeorge, and R.W. Fink, in Inner Shell 
Ionization Phenomena and Future Applications, edited by 
R.W. Fink, et al (U.S. Atomic Energy Commission, 1973); 
pp. 244. 
41. "A Multiwire Proportional Counter Measurement of the M/L 
Orbital Electron Capture ratio in 71Ge Decay, " H. Genz, 
J.P. Renier, J.G. Pengra, and R.W. Fink, Phys. Rev. C3, 
172 (1971} and Bull. Am. Phys. Soc. 15, 1345 (1970). 
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42. "Measurement of Electron Capture Probabilities," Harald 
Genz, Ph.D. thesis, School of Chemistry, Georgia Tech, 
and Dept. of Physics, Emory University (November, 1971). 
43. "Precision Determination of the K-Shell X-Ray 
Fluorescence Yield of Gallium, II H. U. Freund, H. Genz, 
J. B. S ieberts, and R. W. Fink, ;;:;.;;N-=u'-=c-=l~·...........;P=..;h;;.;;.yo~-=-s . A13 8, 2 0 0 
(1969). 
44. "Total Conversion Coefficient of the 375 keV Transition 
in 1991DJ!g Decay, II A. K. Hankla, J. H. Hamil ton, and R. W. 
Fink, in Radioactivity in Nuclear Spectroscopy, edited by 
J. H. Hamil ton, et al. , (Gordon and Breach Publishers, New 
York, 1972); pp. 1401. 
45. "The K-Conversion Coefficient for the 40.95 keV 
Transition in the 6 . 3 Min Decay of 94~b, " K. S. R. Sastry, 
R.W. Fink, and P.V. Rao. Bull. Am. Phys. 14, 18 (1969). 
46. "Thermal Neutron Activation Cross Sections for Kr and Xe 
Isotopes," E. Kondiah, N. Ranakumar, and R. W. Fink, Nucl. 
Phys. A120, 329 (1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
4 7. Gamma Rays from the Decay of 75Ge and 77Ge, " Anne Ng, R. E. 
Wood, J.M. Palms, P.V. Rao, and R.W. Fink, Nucl. Rev. 
176, 1328 (1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
48. "The M/L Orbital Electron Capture Ratio in 37Ar Decay and 
the Fraction of K X-rays in the K Series of Chlorine, 11 H. 
Genz, J.P. Renier, K. W. D. Ledingham, and R. W. Fink, Phys. 
Rev. 166, 935 (1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
49. "Studies of the M/L Orbital Electron Capture Ratio in 
Ar37 Decay, II M.S. thesis, Georgia Tech, Jean-Paul Renier, 
School of Nuclear Engineering (June, 1967). 
50. "Lifetime of the 724.3 keV Level and Shell-Model Intruder 
States in 109Ag," R.A. Braga and R. W. Fink, Phys. Rev. 
C26, 1302 (1982). 
51. "L-L
3 
Coster-Kronig Transition probability of Z=54, " P. B. 
Semmes, R.A. Braga, J.C. Griffin and R.W. Fink, School of 
Chemistry, Georgia Tech (October 1986). 
52. "Petrology and Geochemistry of the Huerto Formations San 
Juan Volcanic Field, South Central Colorado," D. Askren 
and M. Roden, Symposium at Rocky Mountain Meeting of 







Dyer, N.C., Brill, A.B., Fexelius, G., and Stahlman, M.: 
"Blood Volume and Hemorrhage Timing in Newborn Infants 
with Respiratory Distress Using the Stable Tracer, Cr-
5 0, " Neutron Sources and Applications, Proceedings of the 
American Nuclear Society National Topical Meeting, April 
19-21, 1971, pp. v46-v52, CONF 710402, 1971. 
Dyer, N.C., and Brill, A.B.: Use of the Stable Tracers 
Fe-58 and Cr-50 for the Study of Iron Utilization in 
Pregnant Women," Nuclear Activation Techniques in the 
Life Sciences. IAEA, pp. 469-477, 1972. 
Dyer, N.C., Brill, A.B., Tsiantos, A.K., Sell, E., 
Victorin, L.H., and Stahlman, M.T.: "Timing of 
Intracranial Bleeding in Newborn Infants," J. Nucl. Med. 
1!, 807-811, 1973. 
Brill, A.B., Page, D., Dyer, N., and Baglan, and R.: 
"Neutron Activation Analysis and Atomic Absorption 
Analysis of 18 Elements in Relation to a Study of Trace 
elements in Cardiovascular Diseases." Technical report 
published by IAEA, Vienna, 1973. 
Baglan, R.J., Brill, A.B., Wilson, D., Schaffner, 
Schulert, a., Larsen, K., Davies, J., Hoffman, 
"Utility of Placental Tissue as an Indicator 
Environmental Exposure." Proceedings of 1st Annual 





58. Brill, A.B., Baglan, R.J., Fleet, w., Schaffner, w. and 
Schulert, A.: "A Network to Determine Levels in 
Congenital Defects." Proceedings of 1st Annual NSF Trace 
Contaminants Conference, August 8-10, 1973. 
59. Baglan, R.J., Brill, A.B., Schulert, D., Larsen, W.K., 
Dyer, N., Mansour, M., Schaffner, W., Hoffman, L., and 
Davies, J.: "Utility of Placemental Tissue as an 
Indicator of Trace Element Exposure to Adult and Fetus." 
Environ. Res. ~, 64-70, 1974. 
60. - Dyer, N.C., Brill, A.B., and Lyon, W. S.: "Biomedical 
Studies Using Nuclear Activation Techniques, Isotopes and 
Radiation, Activation Analysis in Biology, Medicine, and 
Nutrition." Transactions of the American Nuclear Society 
1975 Annual Meeting June 9-13, New Orleans, Louisiana. 
61. Dyer, N.C., Faxelius, G., Ray, J., Gutberlet, R., Brill, 
A.B., and Stahlman, M.: "Studies with Cr-Labelled Rad 
Blood Cells in Newborn Infants,: Southern Med. J. 62, 
#11, 1430, 1969. 
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62. Dyer, N., Faxelius, G., Stahlman, M., Raye, J., 
Gutberlet, R., Swanstrom, S., and Brill, A.B., 
"Measurement of Red Blood Cell volume in Infants with 
Respiratory Distress Using the Stable Tracer I 5°Cr I 
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Administrative responsibility for the Neely Nuclear Research 
Center (NNRC) resides in the Office of the Vice President for 
Interdisciplinary Programs of the Georgia Institute of Technology. 
The NNRC houses two major facilities: the Georgia Tech Research 
Reactor (GTRR) and the Hot Cell Laboratory. The NNRC is a facility 
of the University System of the State of Georgia and is available 
to all universities. 
This annual progress report of the operation of the GTRR and 
NNRC is submitted to DOE in accordance with the requirement of 
Contract No. DE-FG05-80ER10771. 
-i-
HIGHLIGHTS 
The following universities (other than Georgia Tech) have used the 
facilities at the Neely Nuclear Research Center: 
1. Arizona State University 
2. Medical College of Georgia 
3. Mississippi State 
4. University of Oklahoma 
5. Oklahoma State University 
6. Lehigh University 
7. Emory University 









The inventory of Co-60 sources at the Hot Cell Laboratory is 
250,000 Ci. Dose rates of up to 1.0 E7 rads per hour are possible. 
Fifteen commercial companies have used the facilities at NNRC. 
The sum of $359,696 in sponsored research and services was obtained 
during the year to support the Center's activities. 
Nine graduate students were financially supported by the Center 
last year. 
Thirty seven undergraduate and five graduate students have used the 
NNRC facilities in laboratory courses. 
Over one thousand one hundred visitors from high schools, 
educational institutions, industry and foreign countries have had 
conducted tours at the Center. 
Over 120 students from Georgia Tech were trained in radiological 
safety. 
Twenty-eight new or revised procedures were written, approved, and 
instituted at the Neely Nuclear Research Center to bring the use of 
radioactive substance on the campus under better national safety 
standards. 
Collaboration on Boron Neutron Capture Therapy (BNCT) with Emory 
University continues. A new Georgia Tech-Emory Center for cancer 




The Neely Nuclear Research Center, Georgia Institute of 
Technology, has been a participant in the University Reactor 
Sharing Program since 1970. During this period, NNRC has made 
available its 5 MW research reactor, its Co-60 irradiation 
facility, and its activation analysis laboratory to large numbers 
of students and faculty from many universities and colleges. 
This report of NNRC utilization is prepared in compliance with 
the requirement of Contract No. DE-FG05-80ER10771 between the u.s. 
Department of Energy and the Georgia Institute of Technology. The 
report contains information with regard to facilities descriptions 
(brief), personnel, organization, and programs. 
The Neely Nuclear Research Center of the Georgia Institute of 
Technology houses two major facilities: the Georgia Tech Research 
Reactor and the Hot Cell Laboratory. 
The GTRR is a heterogeneous, heavy-water moderated and cooled 
reactor, fueled with plates of aluminum-uranium alloy. It is 
designed to produce a thermal flux of more than 1.0 E14 n/cm2/sec 
at a power of 5 MW and an exit moderator temperature of 139°F. 
The r~actor core is approximately two feet in diameter, two 
feet high and, when fully loaded, contains provisions for up to 
nineteen fuel assemblies spaced-six inches apart in a triangular 
array. Each assembly contains sixteen fuel plates. The total 
uranium-235 content of a full loading is 3. 6 kg. The fuel is 
centrally located in a six foot diameter aluminum reactor vessel 
which provides a two foot thick D
2
0 reflector completely 







II. NNRC Activities 
Reactor Location and Other Specifics 
University: Georgia Institute of Technology 
Atlanta, GA 30332-0425 
Program Director: R.A. Karam (404-894-3620) 
Grant i: DE-FG07-80ER10771 
Reactor Type/Power Level: Tank Type/5 MW Heavy Water 








The following personnel were employed at NNRC full time 
for the entire reporting period: 
1. R.A. Karam, Director 
2. Rodney D. Ice, Manager, Office of Radiation Safety 
3. Billy Statham, Electronic Engineer 
4. Dixon Parker, Reactor Supervisor 
5. Clara Galleshaw, Administrative Coordinator 
6. Jerry Taylor, Senior Engineering Safety Assistant 
7. Edgar Jawdeh, Health Physicist 
8. Neil Copeland, Senior Reactor Operator 
9. Arlene Smith, Administrative Secretary. 
The following personnel were employed part time: 
Jeremy Sweezy, SRO; Dwayne Blaylock, RO; Peter Newby, RO; 
Ralph Demeglio, RO 
The following Graduate Students were given GRA's during 
the reporting period: 
1. Thomas Evans 
2 . Jeremy Sweezy 
3. Kate Klee 
4. Hannah Mitchell 
5 . Peter Newby 
6. Dwayne Blaylock 
7. Jerry Ellsworth 
8. Joe Martin 
9. John Brunson 
Educational Output 






Nuclear Reactor Laboratory - Fall 1990 
Radiation Transport and Shielding -Winter 1992 
Reactor Operation 
- PhD Health Physics 
Short courses taught 
Radiation protection short course given every quarter and 









Radiation Detection - Fall 1993 
Radiation Detection - Winter 1994 
Radiation Detection - Spring 1994 
High School student tours 
NNRC conducted tours to high school students interested 
in nuclear science. More than 1100 students have toured 
the NNRC facilities. 
Use of NNRC facilities by other universities 
The following table shows how principal investigators 
from various universities, used NNRC facilities, 
primarily the GTRR, through the Reactor Sharing Program 
funded by DOE. 
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TABLE I 
Reactor Sharing Services 
Sept. 1, 1993 - August 31, 1994 
# Students 
Institution P.I. Involved 
Arizona State (1) Dr. Paul 6 
Fitzgerald 
(2) E. Stump 
Emory Univ. Dr. Raymond 
Schinazy 5 
Medical College 







University of IL 
University of PA 
High School Tours 
TOTAL 
Dr. Charles 7 
Sparrow 
Dr. Barry Weaver 8 




Fission Track Dating, Uplift 22,555.25 
and formation of mountain chains 
BNCT 1,500.00 
Bone Marrow Transplant in Mice 807.75 
Reactor Laboratory of Mississippi 
State students 
Rare Earth Elements determin-
ations as a tool for rock origin 
verification; 













NNRC's staff efforts under U.S. NRC's License No. R-97 
and under the State of Georgia License No. 147-1 and 
License No. 21-2. 
Procedure writing and Revision 
Significant effort was made to upgrade and write new 
procedures to bring the use of radioactive substances on 
the campus of Georgia Tech under national safety 


















Reactor Operations-Precritical Startup 
Checklist and Shift Supervisor Approval 
Accidental Release of High Levels of 
Gaseous Activity to the Atmosphere 
Emergency Notification 
Facilities Contamination Surveys 
Calibration and Testing of Moving Air 
Particulate Monitor 
Tritium Determination in Urine 
Bioassay Program 
Respiratory Protection 
Reactor Tank Level Transmitter Maintenance 
and Calibration Check 
Routine Facility Radiation Surveys 
Airborne Radioactivity Surveys 
Posting of Radiological Control Areas 
and Materials 
Liquid waste Tank Analysis 
Kanne Chamber Calibration 



















Radioactive Material Shipment 
Reactor Operations-Precritical Startup 
Checklist and Shift Supervisor Approval 
Calibration Procedure for Eberline Model 
PIC-6A Survey Meter 
Cooling Water Gamma Monitor 
Liquid Waste Disposal 
Liquid Waste System-Valve Lineup 
MAP-1 Recorder Calibration 
Access Control and Accountability of 
Keys and Access Cards 
Moderator Inventory 
Fuel Element Self Protection Measurement 
Control Element Reactivity Worth Measurement 





Health Physics Procedures 
Temperature Recorder Calibration 
RTD Input 
Calibration of the Low Beta II 
Alpha/Beta Counting System 
u.s. NRC and State Inspections 
During the reporting period there were four U.S. NRC 
inspections and one State of Georgia inspection which 
involved four inspectors. 
Requalifications Program for Reactor Operators 
The U.S. NRC examined three canditates for RO licenses, 
and two for SRO licenses. All candidates passed. 
Research Output 
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"Conceptual Design for an Advanced Epithermal Neutron 
Beam for BNCT at the GTRR", Sixth International 
Conference on BNCT, Kobe, Japan, Nov. 1-4, 1994. 
Budget Information 
Institutional Funds 
II. 6 .1.1. Regular institutional allocations to NNRC during 
reporting period were $406,957. This money was spent to 
partially cover personnel services. 
II.6.2 External Funds ($359,696.00) 
II.6.2.1 DOE Funds 
The following funds were obtained from DOE: 
1. Reactor Sharing 30,000 
II.6.2.2 ERDA Funding 
The funding for ERDA Administration was $192,172.00. 
II.6.2.4 Various Companies 
III. 
III.1. 
Fifteen companies from the metropolitan area of Atlanta 
and the rest of the U.S. used the NNRC facilities. 
Revenues from these companies totaled $137,524.00. 
Problems/Areas of Need/Priorities 
Instrument 
Instruments upgrade are needed in few areas. 
reactor the following are needed: 
(1) Auto controller; 







Other needed improvements include a new filter for BNCT 
applications. 
Personnel 
Three additional reactor operators were added to the 
operating staff. 
Plans for FY96 
Boron Neutron Capture Therapy 
There is a general need in the U.S. for a quality beam of 
neutrons for BNCT experimentation. The Georgia Tech 
Research Reactor (GTRR) is perceived by numerous groups 
in BNCT research as the best facility for BNCT 
applications. The GTRR needs a filter installed in the 
biomedical facility to produce an optimized epi-thermal 
neutron beam. A conceptual design for the filter has 
been completed. It is essential that the filter is 
installed so that the technology for BNCT application is 
developed on a timely basis. 
Other Uses 
The NNRC facilities will continue to be used for 
research, for service to industry, and for education. 
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For the 1995-1996 University Reactor Sharing Program, 
Georgia Tech is requesting funding in the amount of $30,000. 
We believe that irradiation services at published rates 
including the use of the reactor and related facilities and any 
necessary technical assistance by the user institution requires 
$30,000.00. 
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V. Partial Publications Generated through the 
use of the Georgia Tech Research Reactor 
1. Graham, Waverly (1966), "The Determination of Effective 
Delayed Neutron and Photoneutron Kinetics Parameters in 
as Highly Enriched Heavy-Water Reactor, " School of 
Nuclear Engineering, Georgia Tech. 
2. Macdonald, Robert (1966), "A Method for the Analysis of 
Modulated Neutron Experiments," School of Nuclear 
engineering, Georgia Tech. 
3 . Johnson, Robert ( 19 6 7) , "Investigation of the Space-
Dependent Zero-Power Reactor Source Transfer Function," 
School of Nuclear Engineering, Georgia Tech. 
4. McGhee, (1969), "Measurement of Neutron Diffusion 
Parameters of Heavy Water and Spheres by the Pulsed 
Neutron Source Method," School of Nuclear Engineering, 
Georgia Tech. 
5. Champlin, Jerry B. ( 19 7 0) , "The Transport of 
Radioisotopes by Fine particulate Matter in Aquifers," 
School of Nuclear Engineering, Georgia Tech. 
6. Walker, David, M. (1970), "An Investigation of Multiple 
Gamma Scattering in Germanium as Applied to GE ( LI) Gamma 
Spectrometers," School of Nuclear Engineering, Georgia 
Tech. 
7. Wilkie, William H. ( 1970), "Theoretical Image-Forming 
Quality of Fast-Neutron Radiography," School of Nuclear 
Engineering, Georgia Tech. 
8 . Bridges, Donald N. ( 19 71) , "An Investigation of the 
Spatially-Dependent Reactor Source Transfer Function with 
Temperature Feedback," School of Nuclear Engineering, 
Georgia Tech. 
9. Ebert, David (1972), "Space and Energy-Dependent Noise 
Analysis Using Modal Expansions, " School of Nuclear 
Engineering, Georgia Tech. 
10. Lord, Robert J. (1972), "Simulated Boiling Effects in a 
Subcritical Assembly," School of Nuclear Engineering, 
Georgia Tech. 
11. Lake, James (1973), "Measurement of Steady-State Space-
Dependent Thermal Neutron Spectra in Beryllium," School 
of Nuclear Engineering, Georgia Tech. 
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12. Shamasundar, B. I. ( 19 7 3) , "Investigation of Neutron 
Thermalization in Polycrystalline Moderators, " School of 
Nuclear Engineering, Georgia Tech. 
13. Sohrabi, M. ( 1975), "Electrochemical Etching 
Amplification of Low-Lit Recoil Particle Tracks in 
Polymers for Fast Neutron Dosimetry," School of Nuclear 
Engineering, Georgia Tech. 
14. Jameson, ( 1976), "Analysis of Fissionable Material by 
Delayed Emissions," School of Nuclear Engineering, 
Georgia Tech. 
15. Renier, Jean-Paul ( 1976), "Multi-Group, Multi-Dimensional 
Investigations of the Power Spectral Densities of the 
GTRR and the Fast-Thermal Argonaut Reactor," School of 
Nuclear Engineering, Georgia Tech. 
16. Alzaidi, Samir (1977), "New Neutron Detector Using 
Magnetically Focused Electrons for Fast Reactor Neutron 
Flux Measurements," School of Nuclear Engineering, 
Georgia Tech. 
17. Reed, Rodican P. ( 1977), "Neutron Activation analysis of 
Cataractous Lenses of Mice and Mongolian Gerbils Exposed 
to Acute Doses of X-rays, Thermal and Fast Neutrons, " 
School of Nuclear Engineering, Georgia Tech. 
18. Mahaffey, James (1979), "A Measurable Relationship 
Between Flux Tilt and Excess Reactivity in a Tightly 
Coupled Reactor," School of Nuclear Engineering, Georgia 
Tech. 
19. Wahlig, Barry G. (1981), "Transport of Suspended Matter 
Through Rock formations," School of Nuclear Engineering, 
Georgia Tech. 
20. Sanders, Michael E. (1983), Design and Application of a 
Damage-Trac-K Neutron Dosimeter Useable in the 1 EV to 17 
MEV Neutron Energy Region," School of Nuclear 
Engineering, Georgia Tech. 
21. Noonan, Denise J. ( 1984), "An Epithermal Neutron Beam 
Approach to Boron Neutron Capture Therapy, " School of 
Nuclear Engineering, Georgia Tech. 
22. Dawes, M.A., R.S. Saini, M.a. Mullen, J.H. Brower, and 
P.A. Loretan (1986), "Sensitivity of Sweet Potato Weevil 
(Coleoptera: Curculionidae) to Gamma Radiation." 
Accepted for publication in Journal to Economic 
Entomology. 
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23. Lu, J. Y., C. Stevens and P .A. Loretan ( 1986), "The Effect 
of Gamma, Electron Beam and Ultraviolet Radiation on the 
Control of Storage rot and the Quality of Walla Walla 
Onions." Submitted to the Journal of Food Science for 
Publication .. 
24. Lu, J.Y., S. White, P. Yakubu and P.A. Loretan (1986), 
"Effects of Gamma Radiation on Nutritive and Sensory 
Qualities of Sweet Potato Storage Roots." Submitted to 
Journal of Food Quality for publication. 
25. Bonsi, C.P., P.A. Loretan and P. David (1986), "Influence 
of Gamma Radiation on Storage Rot of Sweet Potatoes. " 
Submitted to Plant Disease for publication. 
26. Bonsi, C. P., P .A. Loretan and P. David ( 1986), "Effect of 
Gamma Radiation in Prolonging the Shelf-Life of Sweet 
Potatoes." Submitted to Phytopathology for publication. 
27. Williams, C.S., R.A. Chung, A. Brown, B. Harvey, P.A. 
Loretan, C. Bonsi and M. Tolbert ( 1986), "Radiation 
Induced Ultrastructural Changes in Sweet Potato." 
Abstract submitted to the Institute for Food 
Technologists for presentation as a poster at the annual 
IFT Meeting, June 16-19, 1987, Las Vegas, Nevada. 
28. "Reaction of Benzenediazonium-2-carboxylate with Reactor-
Produced No-Carrier-Added 18F-Fluoride: A Novel 
Synthesis of 2-[ 18F]-Fluorobenzoic Acid." A.D. 
Strouphauer, C.L. Liotta, and R.W. Fink, Int. J. Appl. 
Radiat. and Isotopes (accepted and in press for early 
1984); accepted for presentation at the Symposium on 
Chemical Considerations in the Labeling of 
Radiopharmaceuticals with Short-Lived Radionuclides at 
the American Chemical Society meeting, April, 1984, St. 
Louis, Missouri. 
2 9 . "Preparation of H18F, K18F, K18FF 
3 
from Reactor-Produced 18F-
Fluoride for the Sunthesis of Radioactive 18F-Labeled 
Aromatic Compounds," A.D. Strouphauer, M.S. thesis, 
. school of Chemistry, Georgia Tech (June, 1983). 
30. "Preparation of Reactor-Produced Carrier-Free 18F-
Fluoride as the Potassium 18-Crown-6 Complex for 
Synthesis of Labeled Organic Compounds," B.E. Gnade, G.P. 
Schwaiger, C.L. Liotta, and R.W. Fink, Int. J. Appl. 
Radiat. and Isotopes, 32, 91 (1981). 
31. "The Preparation of Reactor-Produced, Carrier-Free 18F-
Fluoride for the Synthesis of Labeled Organic Compounds," 
Part II, Bruce Edward Gnade, Ph.D. thesis, School of 
Chemistry, Georgia Tech (September, 1982). 
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32. "Preparation of Reactor-Produced No-Carrier Added 18F-
Fluoride and Its Use in the Sunthesis of Labeled Organic 
Compounds of Interest in Radiopharmaceuticals (tentative 
title), R.W. Fink, to be presented as a review paper at 
the Int. Conf. on Nuclear and Radiochemistry, Lindau, 
West Germany, October, 1984 (tentative, pending travel 
grant from Georgia Tech Foundation. 
33. "A Remote Device for De-Encapsulating Reactor-Irradiated 
Samples," G. P. Schwaiger and R. W. Fink, Nucl. Instr. 
Meth. 186, 663 (1981). 
34. "Thermal Neutron Cross Sections and Resonance Integrals 
for Activation Analysis, "R.W. Fink, in Handbook of 
Spectroscopy, Vol. 3, edited by J.W. Robinson (CRC Press, 
Boca Raton, Florida, 1981); pp. 95-123. 
35. "Production of 14 Plus or Minus 2 MeV Neutrons in a 
Reactor with an Enriched LiD Irradiation Capsule," C. 
Papanicolopoulos and R.W. Fink, Nucl. Instr. Meth., 151, 
53 (1978). 
36. "The K-Shell Conversion Coefficient of the 135.5 keV M4 
Transition in 193mPt decay," A.I. Saleh, R.A. Braga, and 
R.W. Fink, Z. Physik A279, 27 (1976). 
37. "A Precision Determination of the K-Shell Internal 
Conversion Coefficient of the 135.5 keV M4 Transition in 
193mPt" Ali I. Saleh, M.S. Thesis, School of Chemistry, 
Georgia Tech (August 1976). 
38. "Trace Elements in Normal and Malignant Human Breast 
Tissue," A.E. Schwartz, G.W. Leddicotte, R.W. Fink, and 
E.W. Friedman, Surgery 76, 325 (1974). 
39. "The K-Conversion Coefficient Near Threshold of the 30 
keV Isomeric Transition in 108mAg Decay," W.D. Schmidt-Ott 
and R.W. Fink, z. Physik 254, 281 (1972). 
40. "The L2 and L3 Subshell X-Ray Fluorescence Yields for Z = 76 and 78 from the Decay of 192Ir," S. Mohan, W.D. 
Schmidt-Ott, J.C. McGeorge, and R.W. Fink, in Inner Shell 
Ionization Phenomena and Future Applications, edited by 
R.W. Fink, et al (U.S. Atomic Energy Commission, 1973); 
pp. 244. 
41. "A Multiwire Proportional Counter Measurement of the M/L 
Orbital Electron Capture ratio in 71Ge Decay, " H. Genz, 
J.P. Renier, J.G. Pengra, and R.W. Fink, Phys. Rev. C3, 
172 (1971) and Bull. Am. Phys. Soc. 15, 1345 (1970). 
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42. "Measurement of Electron Capture Probabilities," Harald 
Genz, Ph.D. thesis, School of Chemistry, Georgia Tech, 
and Dept. of Physics, Emory University (November, 1971). 
43. "Precision Determination of the K-Shell X-Ray 
Fluorescence Yield of Gallium," H.U. Freund, H. Genz, 
J. B. Sieberts, and R. W. Fink, Nucl. Phys. Al38, 2 00 
( 19 6 9) . 
44. "Total Conversion Coefficient of the 375 keV Transition 
in 199IIIJ!g Decay," A.K. Hankla, J .H. Hamilton, and R.W. 
Fink, in Radioactivity in Nuclear Spectroscopy, edited by 
J.H. Hamilton, et al., (Gordon and Breach Publishers, New 
York, 1972); pp. 1401. 
45. "The K-Conversion Coefficient for the 40.95 keV 
Transition in the 6.3 Min Decay of 94~b," K.S.R. Sastry, 
R.W. Fink, and P.V. Rao. Bull. Am. Phys. 14, 18 (1969). 
46. "Thermal Neutron Activation Cross Sections for Kr and Xe 
Isotopes," E. Kondiah, N. Ranakumar, and R. W. Fink, Nucl. 
Phys. Al20, 329 (1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
47. Gamma Rays from the Decay of 75Ge and 77Ge," Anne Ng, R.E. 
Wood, J.M. Palms, P.V. Rao, and R.W. Fink, Nucl. Rev. 
176, 1328 ( 1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
48. "The M/L Orbital Electron Capture Ratio in 37Ar Decay and 
the Fraction of K X-rays in the K Series of Chlorine," H. 
Genz, J.P. Renier, K.W.D. Ledingham, and R.W. Fink, Phys. 
Rev. 166, 935 (1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
49. "Studies of the M/L Orbital Electron Capture Ratio in 
Ar37 Decay, " M.S. thesis, Georgia Tech, Jean-Paul Renier, 
School of Nuclear Engineering (June, 1967). 
50. "Lifetime of the 724.3 keV Level and Shell-Model Intruder 
States in 109Ag," R.A. Braga and R. W. Fink, Phys. Rev. 
C26, 1302 (1982). 
51. "L-L3 Coster-Kronig Transition probability of Z=54," P.B. 
Semmes, R.A. Braga, J.C. Griffin and R.W. Fink, School of 
Chemistry, Georgia Tech (October 1986). 
52. "Petrology and Geochemistry of the Huerta Formations San 
Juan Volcanic Field, South Central Colorado," D. Askren 
and M. Roden, Symposium at Rocky Mountain Meeting of 











Dyer, N.C., Brill, A.B., Fexelius, G., and Stahlman, M.: 
"Blood Volume and Hemorrhage Timing in Newborn Infants 
with Respiratory Distress Using-the Stable Tracer, Cr-
5 0, " Neutron Sources and Applications, Proceedings of the 
American Nuclear Society National Topical Meeting, April 
19-21, 1971, pp. v46-v52, CONF 710402, 1971. 
Dyer, N.C., and Brill, A.B.: Use of the Stable Tracers 
Fe-58 and Cr-50 for the Study of Iron Utilization in 
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published by IAEA, Vienna, 1973. 
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the submission If it is obtainable from another source without restriction. This is a Government notice, and shall not Itself be construed to impose any liability upon the Government or Government 
nnel for any disclosure or use of data contained In this submission. 
UVACY ACT STATEMENT 
If applicable, you are requested, in accordance with 5 U.S.C., Sec. 552A, to voluntarily provide your Social Security Number (SSN). However, you will not be denied any right. benefit. or privilege p 
led by law because of a refusal to disclose your SSN. We request your SSN to aid in accurate identification, referral and review of applications for research/training support and lor efficient manag 
.nt of Office of Energy Research grant/contract programs. 
OMB Approval No 0348-0043 
APPLICATION FOR 2. DATE SUBMITTED Applicant Identifier 
FEDERAL ASSISTANCE J>ltr/9.r 
1. TYPE OF SUBMISSION: 3. DATE RECEIVED BY STATE State Application Identifier 
Appl~tion PrtlappliCIJtion 
D Construction D Construction 4. DATE RECEIVED BY FEDERAL AGENCY Federal Identifier 
~ Non-Construction c=J Non-Construction 
5. APPLICANT INFORMATION 
Legal Name: Organizational Unit: 
Georgia Tech Research Corporation Neely Nuclear Research Center 
Addreu (give city, county, .,.,,, vrd zip codt1): Name and telephone number of the person to be contacted on matters Involving 
Centennial Research Building, Room 246 this application (glv• area code) 
Georgia Institute of Technology 
Atlanta, Fulton, Georgia 30332-0420 Dr. R. A. Karam 
404/894-3600 
6. EMPLOYER IDENTIFICATION NUMBER (EIN): 7. TYPE OF APPLICANT: (enter approp~te leNer In box) u 
I sl sl - I oi ei oi 31 1 I 41 ej A. State H. Independent School Dlst. 
B. County I. State Controlled Institution of Higher Education 
8. TYPE OF APPLICATION: C. Municipal J. Private University 
D. Township K. Indian Tribe 
c:=JNew ~Continuation [:=J Revision E. Interstate L. Individual 
F. lntermuniclpal M. Profit Organization 
If Revision, enter appropriate letter(s) In box(es): CJ CJ G. Special District N. Other (Specify): 
A. Increase Award B. Decrease Award C. Increase Duration 
D. Decrease Duration Other (specify): 9. NAME OF FEDERAL AGENCY: 
Department of Energy 




9. AREAS AFFECTED BY PROJECT (clti11s, counties, states, 11tc.): 
13. PROPOSED PROJECT: 14. CONGRESSIONAL DISTRICTS OF: 
Start Date Ending Date a. Applicant b. Project 
Fifth 
9/1/95 8/31/96 
15. ESTIMATED FUNDING: 16. IS APPLICATION SUBJECT TO REVIEW BY STATE EXECTIVE ORDER 12372 PROCESS? 
a. Federal $30,000 .00 a. YES THIS PREAPPLICATION/APPLICATION WAS MADE AVAILABLE TO THE 
STATE EXECUTIVE ORDER 12372 PROCESS FOR REVIEW ON: 
b. Applicant .00 
DATE 
c. State .00 
b . NO~ PROGRAM IS NOT COVERED BY E.O. 12372 
d. Local . 00 
CJ OR PROGRAM HAS NOT BEEN SELECTED BY STATE FOR REVIEW 
e. Other .00 
f. Program Income .00 17. IS APPLICANT DELINQUENT ON ANY FEDERAL DEBT? 
g. TOTAL $30,000 .00 DYes If "Yes," attach an explanation. EJ No 
18. TO THE BEST OF MY KNOWLEDGE AND BELIEF, ALL DATA IN THIS APPLICATION/PREAPPLICATION ARE TRUE AND CORRECT. THE DOCUMENT HAS BEEN DULY 
AUTHORIZED BY THE GOVERNING BODY OF THE APPLICANT AND THE APPLICANT WILL COMPLY WITH THE ATTACHED ASSURANCES IF THE ASSISTANCE IS AWARED 
a. Typed Name of Authorized Representative 
R. Dennis Farmer 
d. Sign_ature of Authorized Representative 
.__ 




c. Telephone number 
404/894-4817 
e. Date Signed 
3/l't/t:;.s-
Standard Form 424 (REV 4..,118) 
Prescribed by OMB Circular A-102 
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OMI.._'*'**'-MO!Mr .... ,w~ .................. , ............... 
ORGANIZATION 
~eor9ia Tech aeaea~ch corporation 
..... ,...,.. l. 
"'INC"AI. INV!StiGA~ ('l)nW)JICT DlftiCTOR C'C) 
R. A. Jtarazn ~ou.sott I. a . 
,..,..., 
A. IIHIO" Jl'a&QNN£L; ,..0, C.l'l ... ~ 1n11 Cf* ..,_ A'T a :n.11 -..~ 
...,.,__ __ 
"--Orwcte~ 
CUlt ............ ~ Will ... A.? .... .,.,~~· 




5. .. ( , OTHERI CUlT INDIVI&JUAU. YON IUOGIT ~TION PAGE) 
7. ( • TOTAL. IINIOR NRIONNEL (I .. , 
I. entiA PIRICNNIL (SHOW NUMeERIIN l~nl~ 
1. ( ) IIOST OOCTCML AISOC1A TU 
St ( ) entER~~ (TICHNtCIAN, ~MP, m.) 
'- _{ ) GIIIAOUATIIT\IDINTI 
4. I l UNOI~CIMOUATII'Nt)~NTI 
$.1 ) I~ITARIAl· CLIRCA.L 
e. ( }OTHOI 
TOTAL IALARU ANO WAGES !A • I) 
C. l'lf'INGIII~EP:Iil OF CHARGED AS OI .. CT OOSTS1 
TQT~ ~"liS. WAGeS AN) ~INOI.S.I'""I CA +I • C) 
D . .. PWANINT IOUIPUINT (UIT 1'T'D' AND DOUAI' AMOUNT~ IACW ~ 
TOT'AL. P!IWANINT IOUiftMENT 
!. ,.,.,..VIL 1. OOMES"nC (IHCL CA111A0A ANO U.l. IIOIUIIIONI) 
I. fiO,_IIQN 
TOT~ TRAvEL 
' · TI'AINIIJI'A~TICIPANT COSTS 
t . ITIPINCI (lllmila -.11. '"* 
• IOIIJI on tMI8I' ;wd-U'l_,.) 
a. TVIT\C* a ,na 
3. TlWNU T"AYQ. 
6. cm.tiA (Uiy ,..., an ..... I tiMe, 
fOT AL 'AflmCIPAHTI C ) TOT4LOQST 
G. QlHeA CII,_ICT c;c)8't8 
1. MATIIIIIALI ANO IU'IItUU ~Rue: ....... Or>u-ationsl 30. o_oo_ .... oe 
2. "'UIUCATION ~IHTA~NATION 
1. CONIULTAtn SIFMCD 
•· Cet.4~ CAOP) IE..vten 
f.IU~I -6. OfHlR . . 
TOTAL OTH~ OIIIECT OOSTI 
. JU, u~u. u,u 
~. TOTAL OfliCT COITI (A TH~ 0) 
l 
I. tNCI"lCT ccaTI (..-cury ~TE AND IAii£l 
I 
TOTAl INDIRECT CCITI 
J. TOTA\. OIJIIII!CT ANC &ND1,.1CT COlTS (H • ~ 30,000.00 
1<. AMOUNT OF~ ~OUFtED COST·IHAJI'ING ~NO~~ IOURCIE8 
L. TOTA~ COST OF PROJICT (J + K) 30,000.00 
DE-FG05-92ER75807 
ESTIMATE OF REACTOR OPERATION 
I. Objects requiring monitoring* and/or 
personnel presence from sponsoring unit 
2. Objects not requiring monitoring with 
size of any dimension greater than 4.5 
feet and/or weights more than 1,000 lbs. 
3. Objects not requiring monitoring less 
than I 00 lbs.ness than 4. 5 feet 
4. Pipe Irradiation 
less than 6 inches diameter and less 
than 4 inches in length 
5. Set up and schedule fee 
7 X $1,150 = $ 8,050 
2 X $1,350 = $ 2,700 
10 X $1,150 = $11,500 
5 X$ 450 = $ 2,250 
5 X $ 500 = $ 2,500 
6 X $ 500 = $ 3,000 
TOTAL= $30,000 
*Monitoring is defined as client personnel present taking electrical/mechanical 
data~ test specimens being powered, pressurized, etc. 
Georgia Institute of Technology 
NEELY NUCLEAR JW:51!ARCH CENTER 
ace ATUWTIC DRIVE 
ATLANTA. GEORGIA 30332..Q42!5 
USA 
110'1' CELL LIBQRAtOBJ 
PRICXRG LJSZ 1/1/,3 
(404) BSI...:!BCO 
JOB DESCRIPTION UNIT PRICE 




Object requi.ri.ng IIIOnitarinCJ* ancl/or 
personnel presence from epon~~or.ing 
unit (i.a., not Ga ~ech St~f) 
Object not requirinq JDCnitoriDg with 
•ize of any dimension (hei;ht, v.:Lclth, 
or length) greater than '·5 feet and/ 
or weights more than 1,000 lbs. 
Object. not requiring monitoring 
Less than 1000 lbs. 
Lass thaD 4.5 feat 
Pipe Irradiation 
Less than 6 inches diameter 
and less than 4 inches ill length 
$1350/d.Ay 
$11!50/day 
$450 - $600/day 
s·. Sat up . and •chadule fee. This faa J.. ssoo.oo 
. credited aqainst any irradiation carried 
out on schedule. !'or canceled or 
reschedul~g ir.radiationa there vi11 be 
a aurc:harge fee. 
*Monitoring .18 defined aas cli.ent personnel present takin; 
alectrical/mechani.cal data; taat specimens being powered, 
pressurized, etc. 












6. Object Class Categories 
a. Personnel 











i. Total Direct Charges (sum of 6a- 6h) 
j. Indirect Charges 
k. TOTALS (sum of 6i and 6j) 
7. Program Income 
OMB Approval No. 0348-oo44 
BUDGET INFORMATION- Non-Construction Programs 
SECTION A- BUDGET SUMMARY 


















SECTION B- BUDGET CATEGORIES 
GRANT PROGRAM, FUNCTION OR ACTIVITY 
(2) (3) (4) 
$ $ $ 
$ $ $ 














Standard Form 424A (4-881 
Prncrbed by OMB Circular A-102 
SECTION C - NON-FEDERAL RESOURCES 
(a) Grant Program (b) Applicant (c) State (d) Other Source• (e) TOTALS 




12. TOTALS (swn of lines 8 and 11) $ $ $ $ 
SECTION D - FORECASTED CASH NEEDS 
Total for lst Year 1st Quarter 2od Quarter 3rd Quarter 4th Quarter 
13. Federal 
$ 30,000 $ 7,500 $ 7,500 $ 7,500 $ 7,500 
14. NonFederal 
15. TOTAL (swn of lines 13 and 14) $ 30,000 $ 7,500 $ 7,500 $ 7,500 $ 7,500 
SECTION E- BUDGET ESTIMATES OF FEDERAL FUNDS NEEDED FOR BALANCE OF THE PROJECT 
(a) Grant Program FUTURE FUNDING PERIODS (YEARS) 
(b) First (c) Second (d) Third (e) Fourth 




20. TOTALS (swn of lines 16 - 19) $ $ $ $ 
SECTION F - OTHER BUDGET INFORMATION 
(Attach additional Sheetl if Neceaury) 
122. Indirect Charges: 
21. Direct Charges: 
23 . Remarks 
SF 424A (4~) Page 2 
Prncrbed by OMB Circular A-1 02 
Authorized for Local Reproduction 
OMI Approval No. DJU~O 
ASSURANCES - NON-CONSTRUCnON PROGRAMS 
,te: Certain or these usuranees may not be applicable to your project or proeram. If you have questions, 
please contact the av.·arding agency. Further, certain Federal awarding agencies may require applicants 
to ce~Ufy to additional assurances. If such is the case, you· will be notified. 
As the duly authoriz.ed representative of the applicant r certif'y that the apPlicant: 
1. Has the legal authority to apply for Federal 
assistance, and the institutional, managerial and 
financial capability (including funds sufficient to 
pay the non-Federal share or project costs) to 
ensure proper planning, management and com-
pletion of the project described in this application. 
2. WilJ live the awarding agency, the Comptroller 
General of the t.:nited States. and it appropriate, 
the State, through any authoriud representative, 
access to and the right to examine all records, 
books, papers, or documents related to the award; 
and will establish a proper accounting system in 
accordance with generally accepted accounting 
standards or agency directives. 
L Will establish safeguards to prohibit employees 
!rom using their positions for a purpose that 
constitutes or presents the appearance of personal 
or "rganizational conflict of interest, or personal 
gain. 
Will initiate and complete the work within the 
applicable time frame after receipt of approval of 
the awarding agency. 
.. Will comply with the Intergovernmental 
Personnel Act of 1970 (42 U.S.C. f§ 4728-4763) 
relating to prescribed standards for merit systems 
lor progTams funded under one of the nineteen 
statutes or regulations specified in Appendix A of 
OPM's Standards for a Merit System of Personnel 
Administration (5 C.F.R. 900, Subpart F). 
. Will comply with all Federal statutes relating to 
nondiscrimination. These include but are not 
limited to: (a) Title VI of the Civil Rights Act of 
1964 {P.L. 88-352) which prohibits discrimination 
on the basis or race, color or national origin; (b) 
Title IX of the Education Amendments of 1972, as 
amended (20 U.S.C.II1681-1683, and 1685-1686), 
which prohibits discrimination on the basis of sex; 
(c) Section 504 of the Rehabilitation Act of 1973, as 
amended (29 U.S.C. I 794), which prohibits dis-
crimination on the basis of handicaps; (d) the Age 
Disc:rimina tion Act of 1975, as amended (42 
U.S.C.§§ 6101-6107), which prohibits discrim-
ina lion on the basis or age; 
(e) the Druc Abuse omce and Treatment Act of 
1972 (P.L. 92-255). as amended, relating to 
Dondiscrimination on the basis of drug abuse~ (0 
the Comprehensive Alcohol Abuse and Alcoholism 
Prevention, Treatment and Rehabilitation Act of 
1970 (P.L. 91·616), as amended, relating to 
nondiscrimination on the basis or alcohol abuse or 
alcoholism; (g) 11523 and 527 of the Public Health 
Service Actof1912 (42 U.S.C. 290 dd-3 and 290 ee· 
3), as amended, relating to confidentiality of 
alcohol and drug abuse patient records; (h) Title 
VIII of the Civil Rights Act or 1968 (42 t.:.S C f 
3601 et seq.), as amended, relating to non-
. discrimination in the sale, rental or financing of 
housing; (i) any other nondiscrimination 
provisions in the specific statute(s) under which 
application for Federal assistance is being made: 
and (j) the requirements or any other 
nondiscrimination statute(s) which may apply to 
the application. 
i. Will comply, or has already complied, with the 
requirements of Titles II and Ill of the t:niform 
Relocation Assistance and Real Property 
Acquisition Policies Act of 1970 CP.L. 91-6461 
which provide lor fair and equitable treatment or 
persons displaced or whose property is acquired as 
a result of F~eral or federally assisted programs 
These requirements apply to all interests in rea] 
property acquired for project purposes regardless 
of Federal participation in purchases. 
8. Will comply with the provisions of the Hatch Act 
(5 U.S.C. fi 1501-1508 and 7324-7328) which limit 
the political activities or employees whose 
principal employment activities are funded in 
whole or in part with Federal funds. 
9. Will comply, as applicable, with the provisions of 
the Davis-Baeon Act (40 U.S.C. II 276a to 276a-
7), the Copeland Act (40 U .S.C. I 276c and 18 
U.S.C.II874), and the Contract Work Hours and 
Safety Standards Act (40 U.S.C. I§ 327-333), . 
regarding labor standards for federally assisted 
construction subagreements. 
Standard FOtm •2•B c•-881 
Prescribed by OMB Ctrcular l-·102 
Authorized for Local Reproduction 
10. Will comply, ir applicable, with nood insurance 
purchase requirements or Section 1 02(a) or the 
Flood Disaster Proteetion Aet or 1973 CP.L. 93-234) 
which requires recipients in a special nood hazard 
area to participate in the program andt.o purehase 
nood insurance if the total eost or insurable 
construction and acquisition is 110,000 or more. 
11. WilJ comply with environmental standards which 
may be prescribed pursuant to the following: (a) 
institution or environmental quality control 
measures under the National Environmental 
Policy Act or 1969 (P.L. 91-190) and Executive 
Order (EO) 11514; (b) DOtification or violating 
facilities pursqant to EO 11738; (c) protection or 
wetlands pursuant to EO 11990; (d) evaluation or 
nood ha~ards in noodpJains in attordance with EO 
11988~ (e) assurance of project consistency with 
the approved State ·management program 
developed under the Coastal Zone Management 
Act or 1972 (16 U.S C. fJ 1451 et seqJ; (0 
eonf'ormity of Federal actions \o State tClear Air) 
Implementation Plans under Section 176(c) or the 
Clear Air Act or 1955, as amended (42 U.S.C. I 
7401 et seq.); (g) protection of underground sources 
of drinking water under the Safe Drinking Water 
Act or 1974, as amended, (P.L. ~3-523); and (h) 
protection or endangered species under the 
Endangered Species Act of 1973, as amended, (P.L. 
93-205). 
12. Will comply with the \\'iJd and Scenic Rivers Act 
or 1968 (16 U .S.C. fi 1271 et seq.) related to 
protecting components or potential components or 
the national wild and scenic rivers system. 




Georgia Tech Research Corporation 
. 
13. Will assist the awardin& agency in assurine 
compliance with Section 106 or the !\I tiona l 
Historic Preservation Act or 1966. as amended ( 16 
U.S.C. 470), EO 11593 (identification and 
protection or historic properties). and the 
Arehaeologieal and Historic Preservation Act of 
1974 (16 U.S.C. 469a·1 etseq.). 
14. Will comply with P.L. 13-348 recarding the 
· -protection of human subjeets involved in research. 
development, and related activities supported by 
this award or auistance. 
15. Will comply with the Laboratory Animal \\·el!are 
Aet or 1966 CP.L. 89-544, as amended, 7 t: .S.C. 
2131 et seq.) pertaining to the care, handling, and 
treatment or warm blooded animals held for 
research, teaching, or other activiti•s supported by 
this award of assistance. 
16. Will comply with the Lead-Based Paint Poisoning 
Prevention Act (42 U.S.C. II 4801 et seq.) Y~o'hich 
prohibits the use or lead based paint in 
construction or rehabilitation or residence 
structures. 
17. Will cause to be performed t.he required financial 
and compliance audits in accordance with the 
Single Audit Act of1984. 
18. Will comply with all applicable requirements of aJl 
other Federal laws, executive orders, regulations 





CERTIFICATIONS REGARDING LOBBYING; DEBARMENT, SUSPENSION AND OTHER 
RESPONSIBILITY MATIERS; AND DRUG-FREE WORKPLACE REQUIREMENTS 
Applicants should refer to the regulations cited below to determine lhe certification to which they ue required to anest. Applicants 
should also review the instructions for certification included in the rqulations before completina this fonn. Sianature of 
this fonn provides for compliance with cenification requirements under 34 CFR Pan 82, .. New Restrictions on Lobbying." 
and 34 CFR Pan 8S. "Government-wide Debannent and Suspension (Nonprocurement) and Government-wide Requirements for 
Drug-Free Workplace (Grants)." The certifications shall be nuted u a material representation of fact upon which reliance will be 
placed when the Depanment of Energy determines to award the covered transaction. pant. or cooperative asreement. 
1. LOBBYING 
The undersigned certifies. to the best of his or her knowledge and 
belief. that: 
()) No Federal appropriated funds have been paid or will be 
paid. by or on behalf of the undersigned. lo any person for 
influencing or attempting to influence an officer or employee 
of any agency .a Member of Congress. an officer or employee 
of Congress, or an employee of a Member of Congress in 
connection with the awarding of any Federal contract. the 
making of any Federal grant. the making of any Federal loan. 
the entering into of any cooperative agreement. and the 
extension. continuation. renewal. amendment. or modification 
of any Federal contract. grant.loan. or cooperative agreement. 
(2) If any funds other than Federal appropriated funds have been 
paid or will be paid to any person for influencing or attempting 
to influence an officer or employee of any agency. a Member 
of Congress. an officer or employee of Congress, or an 
employee of a Member of Congress in connection with this 
Federal contract. grant. loan. or cooperative agreement. the 
undersigned shall complete and submit Sllndard Form-LLL. 
"Disclosure Form to Repon Lobbying ... in accordance with 
its instructions. 
(3) The undersigned shall require that the language of this 
cenification be included in the award documents for all 
subawards at all tiers (including subcontracts. subgrants. 
and contracts under grants, loans. and cooperative agree-
ments) and that all subrecipients shall certify and disclose 
accordingly. 
This cenification is a material representation off act upon which 
reliance was placed when this transaction was made or entered 
into. Submission of this cenification is a prerequisite for making 
or entering into this transaction imposed by section 1352. title 
31. U.S. Code. Any person who fails to file the required ceni-
fication shall be subject to a civil penalty ofno1less than S 10.000 
and not more than S l 00.000 for each such fa.ilure. 
l. DEBARMENT, SUSPENSION, AND OTHER RE-
SPONSIBILITY MA TIERS 
( 1) The prospective primary panicipant cenifies to the best of its 
knowledge and belief. that it and its principals: 
(a) Are not presently debarred. suspended. proposed for 
debarment. declared ineligible. or voluntarily excluded 
from covered transactions by any Federal department or 
agency: 
(b) Have not within a three-year period preceding this pro-
posal been convicted of or had a civil judgment rendered 
against them for commission of fraud or a criminal 
· offer-;e in connection with obtaining. attempting to ob-
tain. or perfcJrming a public (federal. State or local) 
transJction or contract under a public transaction; viola-
tion of Federal or State antitrust statutes or commission 
of embezzlement. theft. forgery. bribery. falsification or 
destruction of records. makina false statements. or re-
ceivina stolen property; 
(c) Are not presently indicted for or otherwise criminally or 
civilly charaed by aaovemmental entity (Federal. State 
or local) with commission of any of the offenses enu-
merated in paragraph (l)(b) of this certifiCation; and 
(d) Have not within a three-year period preceding this ap-
plication/proposal had one or more public transactions 
(Federal. State or local) tennirwed for cause or default. 
(2) Where the prospective primary participant is unable to 
cenify to any of the statements in this cenification. such 
prospective panicipant shall attach an explanation to this 
proposal. 
3. DRUG-FREE WORKPLACE 
This cenification is required by the Dnlg-Free Workplace Act of 
1988 (Pub. L. 100-690. Title V. Subtitle 0) and is implemented 
through additions to the Debannent and Suspension regulations. 
published in the Federal Rcgjstcr on January 31. 1989, and 
May 25, 1990. 
ALTERNATE/ 
(GRANTEES OTHER THAN INDIVIDUALS) 
(I) The grantee cenifies that it will or will continue to provide a 
drug-free workplace by: 
(a) Publishing a statement notifying employees that the 
unlawful manufacture. disuibution. dispensing. posses-
sion. or use of a controlled substance is prohibited in 
the grantee's workplace and specifying the actions that 
will be taken against employees for violation of such 
prohibition: 
(b) Establishing an ongoing drug-free awareness program to 
inform employees about: 
(I ) The dangers of drug abuse in the workplace: 
(2) The grantee's policy of maintaining a drug-free 
workplace: 
(3) Any available drug counseling. rehabilitation. and 
employee assistance programs; and 
(4) The penaJties that may be imposed upon employees 
for drug abuse violations occuning in the workplace; 
(c) Makingitarequirementthateachemployeetobeengaged 
in the perfonnance of the grant be given a copy of the 
statement required by paragraph (a); 
(d) Notifying the employee in the statement required by 
paragraph (a) that, as a condition of employment under 
the grant. the employee will: 
FA~ERTS {2.111 l 
OE F 1600.~ 
16-94) 
1 Other E611it>ll£ Ate Obaolere 
U.S •. Department of Energy 
A•surange of Compliance 
Nondiscrimination ln Federally Aaaiated Program& 
OMB...B.u.r.dan Dlac:loa.ura..Slltemem 
OM8 Control No. 
1910-0400 
Public report1ng t>uraen tor lnJS collectiOn of information i& e&timatea to average 15 mlnute6 per response, inc.IIJding the time for rovtewing inatructiona. 
searching ext£ung data sources. gathering ana maintaining tne data needed, and completing and reviewing the oolloctlon of lnlorma\ion. Send comments 
regarding this Durden estimate or any otner a&pGct of this collection of information, lncludtng suggeatlona fur reducing lhi6 burden, to OHice of Information 
Resources Management Polley, Plans. and Oversighl. Records Management Division, HR-422 • GlN, PaperworK Rec:Juctlon F>roject (1910-0400), U.S. 
Depanment of Energy, 1000 Independence Avenue, S.W .• Washington, DC 20585; and to the Office o1 Management and Budget COMB), Paperwork 
Aeouctlon Projecl (1;10·0400), Washington, DC 20503. 
Georgia Tech Research Corp~.:!.5.~.?n (Hereinatser called the "Applicant") 
HEREBY AGREES to ,omply with Title VI of the Civil Rights Act of 1964 {Pub. L 88-352), Section 16 of the Federal Enorgy 
Administralion Act or 1974 (Pub. l. 93·275). Section 401 of the Energy Reorganization Act of 1974 (Pul>. L. 93·438). Tille IX of the 
Education Amendments of 1972. as amended, (Pub. L. 92-318, Pub. L. 93·568, and Pub. L. 94--482), Section 504 of ~he Rehabilitation 
Act of 1973 (Pub. L. 13·1 12), the Age Discrimination Act of 1975 (Pub. L. 94-135), liUe VIII of the Civil Rlghss Act ol 1968 (Pub. L. 
90·284). the Depanme.1t of Energy Organization Act of 1977 (Pub. L. 95·91). the Energy Consarvation and Production Act of 197G. as 
amended; (Pub. L. 94·385) and Tflle 10, Code of Federal Regulations, Purt 1040. In accordance with the abo"o laws and regulations 
,ssued pursuant thereto, the Applicant agrees to assure that no person In the United Stutes shall, on the ground of race, color, national 
:>rigin, sex, age, or disability. be excluded trom panicipation in, be cren1ed the benefit& of. or be otherwise subjected so discrimination 
Jnoer any program or activity in which the Applicant reco,ves Federal tlSSiGtance from the DepartmGnl of Energy. 
~ppllcablllty and Period of Obligation 
n the case ot any service. financial ald. covereo employment. eQuipment, property, or structure pro"ided. leased. or Improved with 
:ederal assistance extended to the Applicant oy the Depanmem or Energy, this assurance obligate~ \he Applicant for the period during 
vhich Federal assistance is extended. In the case of any transfer of such service. financial aid, equipment, property. or structure, this 
1ssurance obligates the transferee tor the perioCI during which Federal assislttnc;e is ex1ended. II any personal property is so provided, 
hiS assurance obligates the Applicant for the per10d during which It retains ownership or possession of the propet1y. In all other cases. 
his assurance obllgat~.; the Applicant for the period during which tne Federal assisrance is extended to lhe Applican1 by the Department 
•f Energy. 
;mployment Practrces 
("here a primary objective of the Federal assistance 1& to prov•de omployment or where 1he Applic~;~nt's employment practices affect the 
1elivery of services in programs or acthtilles resulting from Federal assistance extended by the Department, the Applicant agrees not to 
iiscrimlnate on 1he ground of race. color, national ongln, sex, age. or di&ability. in Its employment practiOi~. Such employment practices 
nay include, but are not limited to, recruitment. advenising, hiring. layoff or termJnation, promotion, demotion. transfer. rates of pay, 
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Administrative responsibility for the Neely Nuclear Research 
Center (NNRC) resides in the Office of the Vice President for 
Interdisciplinary Programs of the Georgia Institute of Technology. 
The NNRC houses two major facilities: the Georgia Tech Research 
Reactor (GTRR) and the Hot Cell Laboratory. The NNRC is a facility 
of the University System of the State of Georgia and is available 
to all universities. 
This annual progress report of the operation of the GTRR and 
NNRC is submitted to DOE in accordance with the requirement of 
Contract No. DE-FGOS-80ER10771. 
-i-
HIGHLIGHTS 
The following universities (other than Georgia Tech) have used the 
facilities at the Neely Nuclear Research Center: 
1. Arizona State University 
2. Medical College of Georgia 
3. Mississippi State 
4. University of Oklahoma 
5. Oklahoma State University 
6. Lehigh University 
7. Emory University 









The inventory of Co-60 sources at the Hot Cell Laboratory is 
250,000 Ci. Dose rates of up to 1.0 E7 rads per hour are possible. 
Fifteen commercial companies have used the facilities at NNRC. 
The sum of $359,696 in sponsored research and services was obtained 
during the year to support the Center's activities. 
Nine graduate students were financially supported by the Center 
last year. 
Thirty seven undergraduate and five graduate students have used the 
NNRC facilities in laboratory courses. 
Over one thousand one hundred visitors from high schools, 
educational institutions, industry and foreign countries have had 
conducted tours at the Center. 
Over 120 students from Georgia Tech were trained in radiological 
safety. 
Twenty-eight new or revised procedures were written, approved, and 
instituted at the Neely Nuclear Research Center to bring the use of 
radioactive substance on the campus under better national safety 
standards. 
Collaboration on Boron Neutron Capture Therapy (BNCT) with Emory 
University continues. A new Georgia Tech-Emory Center for cancer 




The Neely Nuclear Research Center, Georgia Institute of 
Technology, has been a participant in the University Reactor 
Sharing Program since 1970. During this period, NNRC has made 
available its 5 MW research reactor, its Co-60 irradiation 
facility, and its activation analysis laboratory to large numbers 
of students and faculty from many universities and colleges. 
This report of NNRC utilization is prepared in compliance with 
the requirement of Contract No. DE-FG05-80ER10771 between the u.s. 
Department of Energy and the Georgia Institute of Technology. The 
report contains information with regard to facilities descriptions 
(brief), personnel, organization, and programs. 
The Neely Nuclear Research Center of the Georgia Institute of 
Technology -houses two major facilities: the Georgia Tech Research 
Reactor and the Hot Cell Laboratory. 
The GTRR is a heterogeneous, heavy-water moderated and cooled 
reactor, fueled with plates of aluminum-uranium alloy. It is 
designed to produce a thermal flux of more than 1.0 E14 n/cm2/sec 
at a power of 5 MW and an exit moderator temperature of 139~. 
The reactor core is approximately two feet in diameter, two 
feet high and, when fully loaded, contains provisions for up to 
nineteen fuel assemblies spaced six inches apart in a triangular 
array. Each assembly contains sixteen fuel plates. The total 
uranium-2 35 content of a full loading is 3. 6 kg. The fuel is 
centrally located in a six foot diameter aluminum reactor vessel 
which provides a two foot thick D
2
0 reflector completely 







II. NNRC Activities 
Reactor Location and Other Specifics 
University: Georgia Institute of Technology 
Atlanta, GA 30332-0425 
Program Director: R.A. Karam (404-894-3620) 
Grant t: DE-FG07-80ER10771 
Reactor Type/Power Level: Tank Type/5 MW Heavy Water 








The following personnel were employed at NNRC full time 
for the entire reporting period: 
1. R.A. Karam, Director 
2. Rodney D. Ice, Manager, Office of Radiation Safety 
3. Billy Statham, Electronic Engineer 
4. Dixon Parker, Reactor Supervisor 
5. Clara Galleshaw, Administrative Coordinator 
6. Jerry Taylor, Senior Engineering Safety Assistant 
7. Edgar Jawdeh, Health Physicist 
8. Neil Copeland, Senior Reactor Operator 
9. Arlene Smith, Administrative Secretary. 
The following personnel were employed part time: 
Jeremy Sweezy, SRO; Dwayne Blaylock, RO; Peter Newby, RO; 
Ralph Demeglio, RO 
The following Graduate Students were given GRA's during 
the reporting period: 
1 . Thomas Evans 
2. Jeremy Sweezy 
3. Kate Klee 
4. Hannah Mitchell 
5 • Peter Newby 
6. Dwayne Blaylock 
7. Jerry Ellsworth 
8. Joe Martin 
9. John Brunson 
Educational Output 






Nuclear Reactor Laboratory - Fall 1990 
Radiation Transport and Shielding -Winter 1992 
Reactor Operation 
- PhD Health Physics 
Short courses taught 
Radiation protection short course given every quarter and 









Radiation Detection - Fall 1993 
Radiation Detection - Winter 1994 
Radiation Detection - Spring 1994 
High School student tours 
NNRC conducted tours to high school students interested 
in nuclear science. More than 1100 students have toured 
the NNRC facilities. 
Use of NNRC facilities by other universities 
The following table shows how principal investigators 
from various universities, used NNRC facilities, 
primarily the GTRR, through the Reactor Sharing Program 
funded by DOE. 
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TABLE I 
Reactor Sharing Services 
Sept. 1, 1993 - August 31, 1994 
# Students 
Institution P.I. Involved 
Arizona State (1) Dr. Paul 6 
Fitzgerald 
(2) E. Stump 
Emory Univ. Dr. Raymond 
Schinazy 5 
Medical College 







University of IL 
University of PA 
High School Tours 
TOTAL 
Dr. Charles 7 
Sparrow 
Dr. Barry Weaver 8 




Fission Track Dating, Uplift 22,555.25 
and formation of mountain chains 
BNCT 1,500.00 
Bone Marrow Transplant in Mice 807.75 
Reactor Laboratory of Mississippi 
State students 
Rare Earth Elements determin-
ations as a tool for rock origin 
verification; 













NNRC's staff efforts under u.s. NRC's License No. R-97 
and under the State of Georgia License No. 147-1 and 
License No. 21-2. 
Procedure writing and Revision 
Significant effort was made to upgrade and write new 
procedures to bring the use of radioactive substances on 
the campus of Georgia Tech under national safety 


















Reactor Operations-Precritical Startup 
Checklist and Shift Supervisor Approval 
Accidental Release of High Levels of 
Gaseous Activity to the Atmosphere 
Emergency Notification 
Facilities Contamination Surveys 
Calibration and Testing of Moving Air 
Particulate Monitor 
Tritium Determination in Urine 
Bioassay Program 
Respiratory Protection 
Reactor Tank Level Transmitter Maintenance 
and Calibration Check 
Routine Facility Radiation Surveys 
Airborne Radioactivity Surveys 
Posting of Radiological Control Areas 
and Materials 
Liquid Waste Tank Analysis 
Kanne Chamber Calibration 



















Radioactive Material Shipment 
Reactor Operations-Precritical Startup 
Checklist and Shift Supervisor Approval 
Calibration Procedure for Eberline Model 
PIC-6A Survey Meter 
Cooling Water Gamma Monitor 
Liquid Waste Disposal 
Liquid Waste System-Valve Lineup 
MAP-1 Recorder Calibration 
Access Control and Accountability of 
Keys and Access Cards 
Moderator Inventory 
Fuel Element Self Protection Measurement 
Control Element Reactivity Worth Measurement 





Health Physics Procedures 
Temperature Recorder Calibration 
RTD Input 
Calibration of the Low Beta II 
Alpha/Beta Counting System 
u.s. NRC and State Inspections 
.Our ing the reporting period there were four U.S . NRC 
inspections and one State of Georgia inspection which 
involved four inspectors. 
Requalifications Program for Reactor Operators 
The U.S. NRC examined three canditates for RO licenses, 
and two for SRO licenses. All candidates passed. 
Research Output 
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"Conceptual Design for an Advanced Epithermal Neutron 
Beam for BNCT at the GTRR", Sixth International 
Conference on BNCT, Kobe, Japan, Nov. 1-4, 1994. 
Budget Information 
Institutional Funds 
II. 6 .1.1. Regular institutional allocations to NNRC during 
reporting period were $406,957. This money was spent to 
partially cover personnel services. 
II.6.2 External Funds ($359,696.00) 
II.6.2.1 DOE Funds 
The following funds were obtained from DOE: 
1. Reactor Sharing 30,000 
II.6.2.2 ERDA Funding 
The funding for ERDA Administration was $192,172.00. 
II.6.2.4 Various Companies 
III. 
III.1. 
Fifteen companies from the metropolitan area of Atlanta 
and the rest of the u.s. used the NNRC facilities. 
Revenues from these companies totaled $137,524.00. 
Problems/Areas of Need/Priorities 
Instrument 
Instruments upgrade are needed in few areas. For the 
reactor the following are needed: 
(1) Auto controller; 






Other needed improvements include a new filter for BNCT 
applications. 
Personnel 
Three additional reactor operators were added to the 
operating staff. 
Plans for FY96 
Boron Neutron Capture Therapy 
There is a general need in the u.s. for a quality beam of 
neutrons for BNCT experimentation. The Georgia Tech 
Research Reactor (GTRR) is perceived by numerous groups 
in BNCT research as the best facility for BNCT 
applications. The GTRR needs a filter installed in the 
biomedical facility to produce an optimized epi-thermal 
neutron beam. A conceptual design for the filter has 
been completed. It is essential that the filter is 
installed so that the technology for BNCT application is 
developed on a timely basis. 
Other Uses 
The NNRC facilities will continue to be used for 
research, for service to industry, and for education. 
8 




For the 1995-1996 University Reactor Sharing Program, 
Georgia Tech is requesting funding in the amount of $30,000. 
We believe that irradiation services at published rates 
including the use of the reactor and related facilities and any 
necessary technical assistance by the user institution requires 
$30,000.00. 
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v. Partial Publications Generated through the 
use of the Georgia Tech Research Reactor 
1. Graham, Waverly (1966), "The Determination of Effective 
Delayed Neutron and Photoneutron Kinetics Parameters in 
as Highly Enriched Heavy-Water Reactor," School of 
Nuclear Engineering, Georgia Tech. 
2. Macdonald, Robert (1966), "A Method for the Analysis of 
Modulated Neutron Experiments," School of Nuclear 
engineering, Georgia Tech. 
3. Johnson, Robert (1967), "Investigation of the Space-
Dependent Zero-Power Reactor Source Transfer Function," 
School of Nuclear Engineering, Georgia Tech. 
4. McGhee, · (1969), "Measurement of Neutron Diffusion 
Parameters of Heavy Water and Spheres by the Pulsed 
Neutron Source Method," School of Nuclear Engineering, 
Georgia Tech. 
5. Champlin, Jerry B. ( 1970), "The Transport of 
Radioisotopes by Fine particulate Matter in Aquifers," 
School of Nuclear Engineering, Georgia Tech. 
6. Walker, David, M. (1970), "An Investigation of Multiple 
Gamma Scattering in Germanium as Applied to GE(LI) Gamma 
Spectrometers," School of Nuclear Engineering, Georgia 
Tech. 
7. Wilkie I William H. ( 19 7 0) I n Theoretical Image-Forming 
Quality of Fast-Neutron Radiography," School of Nuclear 
Engineering, Georgia. Tech. 
8. Bridges I Donald N. ( 19 71) I nAn Investigation of the 
Spatially-Dependent Reactor Source Transfer Function with 
Temperature Feedback, n School of Nuclear Engineering I 
Georgia Tech. 
9. Ebert, David (1972), "Space and Energy-Dependent Noise 
Analysis Using Modal Expansions I n School of Nuclear 
Engineering, Georgia Tech. · 
10. Lord, Robert J. (1972), "Simulated Boiling Effects in a 
Subcri tical Assembly, " School of Nuclear Engineering, 
Georgia ~ech. 
11. Lake, James (1973), "Measurement of Steady-State Space-
Dependent Thermal Neutron Spectra in Beryllium," School 
of Nuclear Engineering, Georgia Tech. 
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12. Shamasundar, B. I. ( 197 3), "Investigation of Neutron 
Thermalization in Polycrystalline Moderators, " School of 
Nuclear Engineering, Georgia Tech. 
13. Sohrabi, M. (1975), "Electrochemical Etching 
Amplification of Low-Lit Recoil Particle Tracks in 
Polymers for Fast Neutron Dos~etry," School of Nuclear 
Engineering, Georgia Tech. 
14. Jameson, ( 1976), "Analysis of Fissionable Material by 
Delayed Emissions," School of Nuclear Engineering, 
Georgia Tech. 
15. Renier, Jean-Paul ( 1976), "Multi-Group, Multi-Dimensional 
Investigations of the Power Spectral Densities of the 
GTRR and the Fast-Thermal Argonaut Reactor," School of 
Nuclear Engineering, Georgia Tech. 
16. ~zaidi, Samir (1977), "New Neutron Detector Using 
Magnetically Focused Electrons for Fast Reactor Neutron 
Flux Measurements," School of Nuclear Engineering, 
Georgia Tech. 
17. Reed, Rodican P. (1977), "Neutron Activation analysis of 
Cataractous Lenses of ~ce and Mongolian Gerbils Exposed 
to Acute Doses of X-rays, Thermal and Fast Neutrons, " 
School of Nuclear Engineering, Georgia Tech. 
18. Mahaffey, James (1979), "A Measurable Relationship 
Between Flux Tilt and Excess Reactivity in a Tightly 
Coupled Reactor," School of Nuclear Engineering, Georgia 
Tech. 
19. Wahlig, Barry G. (1981), "Transport of Suspended Matter 
Through Rock formations," School of Nuclear Engineering, 
Georgia Tech. 
20. Sanders, ~chael E. (1983), Design and Application of a 
Damage-Trac-K Neutron Dosimeter Useable in the 1 EV to 17 
MEV Neutron Energy Region," School of Nuclear 
Engineering, Georgia Tech. 
21. Noonan, Denise J. ( 1984), "An Epithermal Neutron Beam 
Approach to Boron Neutron Capture Therapy, " School of 
Nuclear Engineering, Georgia Tech. 
22. Dawes, M.A., R.S. Saini, M.a. Mullen, J.H. Brower, and 
P.A. Loretan (1986), "Sensitivity of Sweet Potato Weevil 
(Coleoptera: Curculionidae) to Gamma Radiation." 
Accepted for publication in Journal to Economic 
Entomology. 
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23. Lu, J. Y., C. Stevens and P .A. Loretan ( 1986), "The Effect 
of Gamma, Electron Beam and Ultraviolet Radiation on the 
Control of Storage rot and the Quality of Walla Walla 
Onions." Submitted to the Journal of Food Science for 
Publication. 
24. Lu, J.Y., s. White, P. Yakubu and P.A. Loretan (1986), 
"Effects of Gamma Radiation on Nutritive and Sensory 
Qualities of Sweet Potato Storage Roots." Submitted to 
Journal of Food Quality for publication. 
25. Bonsi, C.P., P.A. Loretan and P. David (1986), "Influence 
of Gamma Radiation on Storage Rot of Sweet Potatoes. " 
Submitted to Plant Disease for publication. 
26. Bonsi, C.P., P.A. Loretan and P. David (1986), "Effect of 
Gamma Radiation in Prolonging the Shelf-Life of Sweet 
Potatoes." Submitted to Phytopathology for publication. 
27. Will~ams, C.S., R.A. Chung, A. Brown, B. Harvey, P.A. 
Loretan, C. Bonsi and M. Tolbert ( 1986), "Radiation 
Induced Ultrastructural Changes in Sweet Potato." 
Abstract submitted to .the Institute for Food 
Technologists for presentation as a poster at the annual 
IFT Meeting, June 16-19, 1987, Las Vegas, Nevada. 
28. "Reaction of Benzenediazonium-2-carboxylate with Reactor-
Produced No-Carrier-Added 18F-Fluoride: A Novel 
Synthesis of 2-[ 18F]-Fluorobenzoic Acid." A.D. 
Strouphauer, C.L. Liotta, and R.W. Fink, Int. J. Appl. 
Radiat. and Isotopes (accepted and in press for early 
1984); accepted for presentation at the Symposium on 
Chemical Considerations in the Labeling of 
Radiopharmaceuticals with Short-Lived Radionuclides at 
the American Chemical Society meeting, April, 1984, St. 
Louis, Missouri. 
29. "Preparation of H18F ,K18F ,K18FF
3 
from Reactor-Produced 18F-
Fluoride for the Sunthesis of Radioactive 18F-Labeled 
Aromatic Compounds," A.D. Strouphauer, M.S. thesis, 
School of Chemistry_, Georgia Tech (June, 19 8 3) • 
30. "Preparation of Reactor-Produced Carrier-Free 18F-
Fluoride as the Potassium 18-Crown-6 Complex for 
Synthesis of Labeled Organic Compounds," B.E. Gnade, G.P. 
Schwaiger, C.L. Liotta, and R.W. Fink, Int. J. Appl. 
Radiat. and Isotopes, 32, 91 (1981). 
31. "The Preparation of Reactor-Produced, Carrier-Free 18F-
Fluoride for the Synthesis of Labeled Organic Compounds, " 
Part II, Bruce Edward Gnade, Ph.D. thesis, School of 
Chemistry, Georgia Tech (September, 1982). 
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32. "Preparation of Reactor-Produced No-Carrier Added 18F-
Fluoride and Its Use in the Sunthesis of Labeled Organic 
Compounds of Interest in Radiopharmaceuticals (tentative 
title), R.W. Fink, to be presented as a review paper at 
the Int. Conf. on Nuclear and Radiochemistry, Lindau, 
West Germany, October, 1984 (tentative, pending travel 
grant from Georgia Tech Foundation. 
33. "A Remote Device for De-Encapsulating Reactor-Irradiated 
Samples," G.P. Schwaiger and R.W. Fink, Nucl. Instr. 
Meth. 186, 663 (1981). 
34. "Thermal Neutron Cross Sections and Resonance Integrals 
for Activation Analysis, "R.W. Fink, in Handbook of 
Spectroscopy, Vol. 3, edited by J. W. Robinson ( CRC Press, 
Boca Raton, Florida, 1981); pp. 95-123. 
35. "Production of 14 Plus or Minus 2 MeV Neutrons in a 
Reactor with an Enriched LiD Irradiation Capsule," c. 
Papanicolopoulos and R.W. Fink, Nucl. Instr. Meth., 151, 
53 (1978). 
36. "The K-Shell Conversion Coefficient of the 135.5 keV M4 
Transition in 193D1pt decay," A. I. Saleh, R.A. Braga, and 
R.W. Fink, Z. Physik A279, 27 (1976). 
37. "A Precision Determination of the K-Shell Internal 
Conversion Coefficient of the 135.5 keV M4 Transition in 
193mPt" Ali I. Saleh, M.S. Thesis, School of Chemistry, 
Georgia Tech (August 1976). 
38. "Trace Elements in Normal and Malignant Human Breast 
Tissue," A.E. Schwartz, G.W. Leddicotte, R.W. Fink, and 
E.W. Friedman, Surgery~' 325 (1974). 
39. "The K-Conversion Coefficient Near Threshold of the 30 
keV Isomeric Transition in 108mAg Decay, " W. D. Schmidt-Ott 
and R.W. Fink, Z. Physik 254, 281 (1972). 
40. "The L2 and L3 Subshell X-Ray Fluorescence Yields for z 
= 76 and 78 from the Decay of 192Ir," S. Mohan, W .D. 
Schmidt-Ott, J.C. McGeorge, and R.W. Fink, in Inner Shell 
Ionization Phenomena and Future Applications, edited by 
R.W. Fink, et al (U.S. Atomic Energy Commission, 1973); 
pp. 244. 
41. "A Multiwire Proportional Counter Measurement of the M/L 
Orbital Electron Capture ratio in 71Ge Decay," H. Genz, 
J.P. Renier, J.G. Pengra, . and R.W. Fink, Phys. Rev. C3, 
172 (1971) and Bull. Am. Phys. Soc. 15, 1345 (1970). 
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42. "Measurement of Electron Capture Probabilities," Harald 
Genz, Ph.D. thesis, School of Chemistry, Georgia Tech, 
and Dept. of Physics, Emory University (November, 1971). 
43. "Precision Determination of the K-Shell X-Ray 
Fluorescence Yield of Gallium," H.U. Freund, H. Genz, 
J.B. Sieberts, and R.W. Fink, Nucl. Phys. A138, 200 
(1969). 
44. "Total Conversion Coefficient of the 375 keV Transition 
in 19~g Decay," A.K. Hankla, J .H. Hamilton, and R.W. 
Fink, in Radioactivity in Nuclear Spectroscopy, edited by 
J.H. Hamilton, et al., (Gordon and Breach Publishers, New 
York, 1972); pp. 1401. 
45. "The K-Conversion Coefficient for the 40.95 keV 
Transition in the 6.3 Min Decay of 94DNb," K.S.R. Sastry, 
R.W. Fink, and P.V. Rao. Bull. Am. Phys. 14, 18 (1969). 
46. "Thermal Neutron Activation Cross Sections for Kr and Xe 
Isotopes," E. Kondiah, N. Ranakumar, and R. W. Fink, Nucl. 
Phys. A120, 329 (1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
47. Gamma Rays from the Decay of 75Ge and 77Ge," Anne Ng, R.E. 
Wood, J.M. Palms, P.V. Rao, and R.W. Fink, Nucl. Rev. 
176, 1328 ( 1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
48. "The M/L Orbital Electron Capture Ratio in 37Ar Decay and 
the Fraction of K X-rays in the K Series of Chlorine," H. 
Genz, J. P . Renier, K. W. D. Ledingham, and R. W. Fink, Phys . 
Rev. 166, 935 (1968) and Bull. Am. Phys. Soc. 13, 1422 
(1968). 
49. "Studies of the M/L Orbital Electron Capture Ratio in 
Ar37 Decay," M.S. thesis, Georgia Tech, Jean-Paul Renier, 
School of Nuclear Engineering (June, 1967). 
50. "Lifetime of the 724.3 keV Level and Shell-Model Intruder 
States in 109Ag," R.A. Braga and R. W. Fink, Phys. Rev. 
~' 1302 (1982). 
51. "L-L3 Coster-Kronig Transition probability of Z=54," P.B. 
Semmes, R.A. Braga, J.C. Griffin and R.W. Fink, School of 
Chemistry, Georgia Tech (October 1986). 
52. "Petrology and Geochemistry of the Huerta Formations San 
Juan Volcanic Field, South Central Colorado," D. Askren 
and M. Roden, Symposium at Rocky Mountain Meeting of 
Geological Society of America (1987). 
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53. Dyer, N.C., Brill, A.B., Fexelius, G., and StahLman, M.: 
"Blood Volume and Hemorrhage Timing in Newborn Infants 
with Respiratory Distress Using-the Stable Tracer, Cr-
50," Neutron Sources and Applications, Proceedings of the 
American Nuclear Society National Topical Meeting, April 
19-21, 1971, pp. v46-v52, CONF 710402, 1971. 
54. Dyer, N.C., and Brill, A.B.: Use of the Stable Tracers 
Fe-58 and Cr-50 for the Study of Iron Utilization in 
Pregnant Women," Nuclear Activation Techniques in the 
Life Sciences. LAEA, pp. 469-477, 1972. 
55. Dyer, N.C., Brill, A.B., Tsiantos, A.K., Sell, E., 
Victorin, L.H., and StahLman, M.T.: "Timing of 
Intracranial Bleeding in Newborn Infants," J. Nucl. Med. 
14, 807-811, 1973. 
56. Brill, A.B., Page, D., Dyer, N., and Baglan, and R.: 
57. 
"Neutron Activation Analysis and Atomic Absorption 
Analysis of 18 Elements in Relation to a Study of Trace 
elements in Cardiovascular Diseases." Technical report 
published by IAEA, Vienna, 1973. 
Baglan, R.J., Brill, A.B., Wilson, D., Schaffner, 
Schulert, a., Larsen, K., Davies, J., Hoffman, 
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